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where E is Young's modulus and v is Poisson's ratio for the material. To the stress-strain relations (1) we must add the equilibrium equations and either the von Miwes or the Tresca yield condition. The notation employed in the above and following equations is the same as that in our previous note to which reference should be made. The above system of equations will be applied to the'problem of determining the inclination of plastic slip bands in an ideal flat bar in a state of simple tension.2 The discussion in §2 and §3 of the previous note, involving the selection of the x and y coordinate systems and the planes PI and P2 bounding the plastic slip band, is applicable and will be understood to apply in the following treatment. It will be shown that for suitable values of the constants a, b, and c the equations Ut = ay2; u2 = by2; U3 = cys, (2) will give an exact solution of the problem. This statement implies that the boundary conditions for the plastic band will be satisfied as well as the required conditions along the planes Pi and P2 separating the plastic band and the elastic portions of the bar.
In our previous note we obtained an angle of 35016' for the inclination of the slip bands, both under the von Mises and the Tresca yield conditions, with the possibility of an additional inclination of 4 5046' under the Tresca condition. The theoretically unacceptable attempts in the current literature, discussed briefly in §1 of the previous note, to solve this problem, have led also to an angle of 35°16' for the inclination of the slip bands in the bar.3 Now these results are obtained under the hypothesis of incompressibility of the plastic material. The results of the present article, giving the inclination of the slip bands as a function of Poisson's ratio, depend clearly on the effect of compressibility which is allowed by the stress-strain relations (1 2. Formal Calculations.-The components of certain of the plastic tensors will be needed and these will be calculated relative to the y coordinate system. By combining the quantities u,a, a resulting from differentiation of (2) we obtain the stress components eao as follows a ell =0; el2 =; e13= 0, e22= b; e23 =0; en = c.
Using these values of the ea., the strain deviation components tOo can readily be found and hence, from the first of the equations (1), we obtain the components sag3 of the stress deviation. Thus Sii = S12+ 2; si2 2; S13 = 0,
From the formula relating the components of stress oa and stress deviation so we can now find the aa in terms of the sag3 and the mean stress. But this latter quantity can be eliminated by the last equation (1). Hence we obtain 011= + c )+
3. Boundary and Separation Conditions.-The boundary conditions for the plastic band require the vanishing of the quantities a, over the free boundary of the band (after plastic deformation) where t is a vector normal to this boundary. But by choosing the constant c in (2) equal to -nJ/E. where r(>O) is the yield value of the tension, the free boundaries of the plastic band will lie in the planes of the elastically deformed flat sides of the bar and hence the vector t will be parallel everywhere to the y3 axis. This leads to the conditions Ta-= 0 which are satisfied automatically for a = 1, 2 on account of (4). The remaining condition becomes
Now the quantity p must be constant throughout the band in consequence of the yield condition. Hence the condition (5) can be viewed as a necessary relation between constants and not merely as a condition restricted to the outer boundaries of the plastic band. It may be mentioned also in this connection that the stress components oJa.e must be constant throughout the plastic band and hence the equilibrium equations will be satisfied identically.-We now consider the conditions which must be satisfied along the planes PI and P2 separating the plastic band from the elastic portions of the bar. where r is the yield value of the tension and 0 the inclination of the slip band. But P has the values (0, 1, 0) and hence the above condition becomes 1Aa2 = aa2. These relations are satisfied automatically for a = 3.
For a = 1, 2 they give r sin 0 cos 0 = a. 
when use is made of the relation (5). It will be found helpful to replace equation (6) by the relation resulting from (6) and (7) by elimination of the angle 0. To effect this elimination we may first set up the auxiliary equation (6) and (7). Combining (7) and (8) 
(p Let us also eliminate E from (5) by means of the relation E = -Tv/C used to define the constant c at the beginning of this section. This gives the following equivalent equation
(P Equations (7), (9), and (10) We now eliminate a2 from (11) by means of (9). This gives a quadratic equation in the ratio 7/1o which can be written (r/o)2 -3(b -c)r/lo + 2b2 + 2c2 -5bc = 0.
Solving this equation for the ratio TAO and labeling one of the solutions Case I, the other Case II, we have
Case II, -=2b-c.
Each of these cases must be treated separately.
Case I. Substitute the value of the ratio T/(p given by (12) 
by which the constant b is determined. Hence VOL. 39, 1953 1 +C,~~~~~ (15) from (12) and (14). Also froni (14), (15), and (9) (23), and the corresponding value of b taken from (18), the value of a2, given by (19), will not be negative. However the value of the constant so given by (13) will be positive only for angles 0 determined by the formula (22). Moreover the value of b will be negative for slip bands whose angle of inclination 01 is determined by (23) and hence there will be a contraction, in the Y2 direction, of the band from its undeformed state. Such slip bands would not appear to be realized in the case of actual materials.
It is seen from equation (17) that, corresponding to any value of v, there will be two slip bands whose inclination angles 0 are equal except for algebraic sign. A similar remark applies to the inclination angles 0' which are 39, 1953 Let us assume that these values are ordered so that s _> s2 2 s3; this assumption will later be verified. Then the Tresca yield condition gives
where r is the yield value of the tension. Eliminating the ratio r/, from (9) by means of (25) 
Case II, a2+b= 3b-2c.
We shall examine each of these cases in turn. Case I. On account of (25) and (26) the equation (10) reduces to (14) thus determining the constant b. Eliminating b from (10) by means of (14) the equation (15) for the ratio T/jo is again obtained. Likewise we find (16) for the determination of the constant a when we make the substitutions (14) and (15) into the equation (9). Also, as before, we are led to the relation (17) (28) (32) to the selection of the plus sign before the radical in (28). In the case of the relation (32) neither the constant b nor the quantity in the right member of (27) will be positive as can easily be seen. Hence the possibility of having a slip band whose inclination 02 iS given by (32) must be discarded. No such difficulty arises in the case of the relation (31); in fact for angles 0' determined by (31) the constants b and 'r will be positive as will be also the value of a2 given by (29) . Finally it can readily be observed that s> >S2> s3 so that the relation (25) gives the correct form of the Tresca yield condition for slip bands whose inclination 0' is determined by (31). The entries in the last column in table 1 are found from the relation (31) and are analogous to the entries in the second and third columns of this table.
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